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© Enzyme sensor. 



© An enzyme sensor «y-2,«n^ 
electrode and a court* on an elec - 

P and/or an ^ m ^f ^^'the analy- 
Jzyrne sensor is useful 'JJ^f;^^ m the 
^sis of compounds .n foods o< ^ compo 
(©living body, the diagnos.s ^J"**^ * 
S trol of reaction proems- ^JSSSi. 
°* enzyme-modified electrode is also descnoeu 
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ENZYME SENSOR 



FIELD OF THE INVENTION 

The present invwtiOT [ff J S 8 Ve Tal 

. • *c oi^rtmde components, an en^y»»« 

as a measurement sensor of in 
components in a sample ^* e ^ ed J dely 

too. 

BACKGROUND OF THE INVENTION 



P.™™ sensor, in which the high specificity of 
an^rS-^r^. 

in quantitative analyses - enzyme 
possessing h.gh specmcny xo determin a- 
ton of *" °f ™ an amount of hydrogen 

enzyme acts on ^^f^ U ^ oyed in enzyme 
Accordingy, er^yme to be em P ^ ^ ^ 

^es^soS^ases ■ which form hydro- 

are punned for use ^ n always 
ganism w SUD strate specificity, the K m 

rreSmTsensorser.ngforpracto.use.s 



Concerning ox.dase. » "J^o, b use of a n 
veloped for measurement of *J^J practical 
aicohol oxidase ong|natedmyeaJ^ P ^ hy _ 
5 -.use is exam.ned m the m g 
drogen ^^'^1 about a commercial 

^ Ifms tSSTSSS specHTctty of 
success. Th s s Decau me w 

*• 'I £ On theX hand, as enzyme 

t0 considerably short On the « are 

other than ***** JJ,*^-. occurring 
dehydrogena** whtoh ^ S uch 

'"Tqq'Sd NTan^ t NADP. being not always 
as PQQ. FAD, • consurnpt ion nor hydro- 

the pr eceding i »» used m ^ 

2S plication No253 f^'' ehvdroqe nase having PQQ 
sensor was an alcohol de ^°ff D a rostnetic group 
(py rrologuinoline ^ ^ nve ntion. 

originated in acehc add btOT. By Qf ^ 

,n9 ^rSydrogenases other thar , ateoh o. 
Orogeneses have ^^m^yet 
as a source of enzymes for the sense 
35 because the coenzyme * POOF AD ^ 

NADP ^ of h. gh . pr ce t ^ 

analys.s cos to. ^ t0 J° mrnoW ,L NAD and to 

«, tical use yet, tr»^n ^ other ^ 
,5 toward ethanol, and rts prachcal us . { 

Ser cost, so that the improvement has been 
*T£ proposed that an artificial mediator in the 
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form of a thin film is applied to the surface of an 
etaftode. which is then coated with an enzyme. 
So by being further covered with a sem,per- 
°Se membrane (EP 78636B1). 
ods it was proposed that a mediator hardly soluble 
in wlr is incorporated into a electrode matenal 
ITb oI. Chem.. 52, 1557. (1988), and that « 
case of a highly water-soluble med.ator, first 
Z mediator is added to an electrode, then . *n 
film is made of a mixture comprising an ion.c h gh 
molecular compound and an enzyme, so as not to 
7m the mediator into an electrolyte £ne .ML 
Chem 52, 3187 (1988)). However, m both of the 
SS; rt T troublesome to prepare the electrodes 
Z the enzyme is employed so as to form a thm 
Sn, after the incorporation of mediator. In the tetter 
case, there is no examination of employment of 

"VS? described, conventional enzyme- 
modified electrodes have several problems; the 
prfpSon is troublesome; very difficult operates 
a e required for mass-production of qualrty-con- 
trdled product; in addition, their life-time for repeat- 
ing use * short; and enzymes that can be ut .zed 
2 tailed. Accordingly, instead of the conventional 
frouWesome process of successive covenng of the 
Z membrane layer of a mediator, the th,r .mem- 
brane layer of enzyme, and the layer of a semper 
meable membrane with the surface °<^ n ele <*°f ' 
L present inventors made an electrode matenal 
wW, a homogeneous composition from electron 
Sli. such'as graphite carbon pastes. wh.ch are 
• usually employed as an electrode matenal. an en- 
zymV and'a mediator, by the addition of suttable 
vehicles like liquid paraffin, by mocmg them to a 
homogeneous composition thereby the surface of 
an electrode substrate (e.g. carbon e.ectr ode) be- 
fng covered with the electrode materia, refenred to 
« an enzyme-modified electrode matenal). and by 
his considerably easy method the pre^nt 'nven- 
to rs established a process of the PW«*™ of a " 
enzyme-modified electrode for respective en- 
zymes, to complete the present invention atter sev- 
elaT researches for the purpose of pmvKjng *e 
enzyme-modified electiode-incorporated sensor ex 
cellent in properties. 



tion. 



SUMMARY OF THE INVENTION 

The present invention provides an enzyme 
sensor which comprises an enzyme-modified elec- 
trode and a counter electrode, wherein the 
enzyme^odified electrode comprises, on the. sur- 
face oT an electrode substrate, a homogeneous 
TjsL comprising a ^-^E 
and/or enzyme-containing substance. The enzyme- 
modLd electrode Is a further aspect of the inven- 



'The enzyme-containing substance may. for ex- 
ample, be selected from cells, a cultured medium 
Saining disrupted cells of a m.crcorg^sm Prj 
s ducing said enzyme, and fractionation components. 
5 Sr extracts, cel. membrane fraction and a 
Tn.de enzyme from said disrupted wcqm 
cells. The enzyme is suttably a dehydrogena*. for 
example, alcohol dehydrogenase, aldehyde de- 
t0 hydrogenase. glucose dehydrogenase. Setose de- 
hydrogenase, sorbitol dehydrogenase, or glycerol 

^trmediator, as used herein, refers to a 
substance which can mediate in the transfer of 
, 5 electrons, such as a redox compound and/ora 
coenzyme. Suitable examples mclude p-ben 
Suinone. ferrocene. «V«en = p*-«n 
ferricyanide, phenazine methosulphate, 2,6-oicn 
Senol indophenol. PQQ. FAD. NAD. and 
*, NADP Particularly suitable combinations of en- 
zyme and mediator include the following pairs: 
aSehyde dehydrogenase and P -benzoqu.none. 
tctose dehydrogenase and dimethylferrocene; 
sorbitol dehydrogenase and dimethyHenocene; and 
* glycerol dehydrogenase and potass.um femcya- 

n,de The homogeneous composition on the elec- 
trode substrate typically includes an electron car- 
rier material such as carbon or graphite 

The present invention further prov.des a meth 
od for preparing an enzyme modified-electrode 
which comprises preparing a composition by dis- 
solving a water-insoluble mediator m an organic 
S3, adding liquid paraffin thereto, fo owed by 
35 removing the solvent and mixing the resuttant ^m* 
ture with graphite powder and enzyme ^/or an 
enzyme-containing substance, to prepare an 
eSme-modrfied electrode material. «k I apply** 
the resulting composition to the surface of an elec 
40 trode, for example a carbon electrode. 

The enzyme-modified electrode may also be 
prepared by mixing reversed micells. into wh.ch a 
waTLubie mediator Is incorporated, with graph- 
powder and an enzyme and/or an , enzyrne- 
45 Sntaining substance, to yield a - 
. is then applied to the surface of an electrode. 
tvDicallv a carbon electrode. 

The enzym*modif,ed electorde matenal wh.ch 
can be used for the preparation of the enzyme, 
so modified electrode of the invention may also be 
preyed by mixing a water-insoluble complex of a 
Kanide" compound and a cationic surfaceac- 
tive agent with liquid paraffin and then with graphrte 
powder and an enzyme and/or enzyme^ontaming 

55 "invention further provides apparatus for 
analysing the components in a solution. wh.ch 
comprises a reaction chamber, a constant voltage 



3 
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mixed togexner w»« rhanae n 

38 a a SenS l e a " to toe present invention, a mediator. 

=S5S£:=s 

^erefore, by use of the P^r— J 

very smaii amount of a expound 

component in the hv-ng **J"^J u8Bd in 

cS! and control of a reaction process. 
BRIEF DESCRIPTION OF THE FIGURES 



curve for measurement of 

5 ^^t^oVfhenumerafsincncateas 

^^enzyme-modified electrode 
2 1 graphite electrode 
3 .... conductive adhesive 
to 4 .... copper screw 
5 .... nut (double) 
6 .... Ag/AgCfe electrode 
7 .... sample injection port 
8 .... magnetic stirrer 
76 9 .... stirrer 

10 .... reaction chamber 
11 .... pump 
12 .... electrolyte 
13 .... waste liquid 
po PS .... constant-voltage power source 

CV-A .. current-voltage conversion and amplifier 
A/D ... A/D conversion 
RE .... recorder 
CP .... computer 

25 



Fig 1 shows the structure of an enzyme- 

m n7Stows the structure of reason 
chambered Rg. 2B shows a measunng appara- 

^ Rg. 3 shows the response curve to a 10% 
ethanol solution in the case where four lands of 

' and 10 show one example of a cal.braton 



DETAILED DESCRIPTION OF THE INVENTION 

measurement, alcohol < ^^ r0 « bacter ^ 
ln Acetobacter ^^^T^genes 

" Seated in -"-^tSSTJS 
and Gluconobacte, ;«£SSS^«W- 
tose measurement, fructose aenyarou 

arose to produce 9 tocatjor MM • 
invertase originated m bakers yeast or u. 
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utilis. together with glucose dehydrogenase or fruc- 
tose dehydrogenase. 

Among enzymes utilized in the present lo- 
tion, particularly preferable enzymes can nclude 
ones which are accumulated in the state of be.ng 
bound to the cell membranes of rn.croorgan.sms 
when cultured (referred to as a membr^bound 
Lyme, hereinafter). The membrane-bound en- 
zymes are superior in stability when m.xed as an 
eLtrode component, the enzyme is hardly. eluted 
when the electrode is used, good reproduce 
measured values are given, and there .s also an 
Vantage in that they are available with low pnces 
as an enzyms source. 

In the present invention, enzyme-containing 
substances as well as enzymes above descried 
can widely be used. The enzyme-contalnlng sub- 
stance is suitably selected from the group conf- 
ine of fractionation components, extracts, ceii- 
membrane fractions, membrane-bound enzymes, 
and crude enzymes from said enzyme-producng 
microorganisms, said enzyme-producing microo - 
ganisms culture said disrupted m.croorgan.sm* If 
Jurified enzyme is desired. ™™9 m **Z 
rupted by a common method, such as sorocation or 
French pressure, followed by ammonium sulfate 
fractionation or fractionation by means of several 
types of chromatography, to separate and purify an 
Sect enzyme. In the case of employment of a 
membrane-bound enzyme, as shown above good 
results can be given even if the disrupted m.croor- 
ganism is employed without the enzyme bang 

^etelators used in the present invention 
are not particularly restricted, if they can ttansfer 
eiectrons occurring in the enzyme reacbon^irt 
mediators used are preferred to be selected so as 
to proceed in transferring tee electrons smoothly 
,n Edition, it is also possible to employ two or 
more mediators simuttaneously. Specifically. a*fi- 
clal mediators, such as p-benzoquinone. ferrocene, 
dimethylferrocene, potassium fe^an.de 
dichlorophenol indophenol. can prefe rab ly be em- 
ployed singly or in combination but ongmal en- 
zyme's prosthetic groups, such as PQQ. FAD, 
NAb, and NADP can also be employed 

The electrode components utohzed in the 
present invention comprises an enzyme and a me- 
diator as essential components. However any one 
other than these components can be employed, rf rt 
is an electron carrier capable of const.tut.ng the 
electrode. As such an electron carrier, usually car- 
bon or graphite is preferably employed. 

The preparation of an enzyme-modrfied elec- 
trode comprising both an enzyme and a med.ator 
as electrode components can be earned out e.g., 
according to the following method. 

For employment of a water-insoluble med.ator, 



such as p-benzoquinone. ferrocene, and d,methyj 
terrocene first the mediator is dissolved ,n J sol- 
vent like ether, etc. and the solution is added to a 
suable amount of liquid paraffin and m.xed wefi. 
- A fter removing the solvent by a common memod, 
6 sSTbyus'e o, reduced pressure, the remammg 
product is mixed with an enzyme and graphite 

P0> 1X adopted ratio of liquid paraffin to graphite 
,o powder to enzyme is generally (1 - 3):(0.5 - 1 .5) i . 
Z a minimum enzyme activity is 0.5 to 1 unrt of 
alcohol dehydrogenase activity per 1 mg of protein 
, n place of liquid paraffin, a hydrophob, or 
water-insoluble substance which is Iqpadat room 
15 temperature, such as hydrocarbons having 10 or 
more carbon atoms can be used. 

For employment of a water-soluble med,ator 
such as potassium ferricyanide. phenazme 
methosulphate. and 2.6- dichlorophenol indophenol 
20 rmediator-confalning reversed micella are .formed 
with a surface active agent, in order for the med a 
tor to be incorporated into an electrode matenat 
and mixed with an enzyme and graphite powder to 
prepare an enzyme-modified electrode material 
25 containing mediator. 

Also in the case of potassium femcyan.de, a 
water-insoluble complex can be prepared by m*- 
ing a cationic surface-active agent toerew.^ The 
resultant complex was added to liquid paraffi i .n . 
*> suitable ratio, well mixed, and then mixed w.th an 
enzyme L graphite powder, so that an enzyme- 
Sad eiectode comprising a mediator can be 
prepared. The cationic surface-active agent wh.ch 
be preferably used in the step .ncludes 
as dimethyl di-n-octadecyl ammonium brom.de. tnoc- 
rTmeW ammonium chloride, cetyl pynd.n.um 
chloride, dodecyl pyridinium chloride, tetradecyl 
dimethylbenzyl ammonium chloride, eto. 

The mixing ratio of a mediator-conta.n.ng qu.d 
M oaraffin or potassium ferricyanide - a cafioroc 
" Se-active' agent to graphite powder to enzyme 
is preferably employed in the range of (1 - 3).(0.5 

1 ' 5) Any other than graphite powder, liquid paraffin 
45 or a surface active agent can also be employed ifrt 
I an electrode material capable of be.ng m.xed 
with the enzyme. 

As described above, various types of com- 
pounds, such as prosthetic groups redox com- 
, n oounds (e.g., quinone, methylene blue, etc.) and 
50 Zt can suitably be employed as mediatory 

F.g. 1 shows the illustrated example of an 
enzyme-modified carbon electrode relating to the 
pSent invention. In the example the mr Jure m 
55 which graphite powder and a med.ator are m.xed 
wellin an appropriate proportion -s umformly 
Seed with an enzyme, and the resulting m.xture .s 
TppKed to the surface of an electrode, to prepare 
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the enzyme-modified carbon etectrode. 

The amount of an enzyme elect 
be applied is not particularly restncted if the e ec- 
tSL respond to a substance to be measured 
However, from a viewpoint of 
soonse speed, and an econom.cal factor, it is pret 
S* applied in the range of 0.3 to 2 mg per 1 
S?« Se electrode surface or 50 to 500 um in 

^Tetectrode thus prepared is attached i j , an 
apparatus shown in F,g. 2. and an ob^t substance 
in a sample solution is measured. TW*WJ 
reaction chamber is set up as stawn m P**Mj 
the middle of the reaction chamber, a sample 
chamber or an electrolytic cell is made, and a 
Sg Vu pment like magnetic stirrer etc. .s pre, 
S therewith. The sample chamber is ewped 
with an enzyme-modified electrode (Fig. 1) and a 
hunter electrode (e.g.. Ag/AgCl 2 etectrode -^ 
with a sample inlet, an electrolyte inteL ^ 
a waste fluid drain, and thus the assembly of the 
reaSon chamber is finished. Using the reaction 
cSer thus set up. measurements are earned 
out with an apparatus illustrated in Fig. 23. 

Tat is an enzyme-modified carbon electrode 
mustrated in F,g. is attached to the sample ichjm- 
ber (electrolytic cell), and the sample chambeMS 
Sed with electrolyte by use of a pump, to which a 
Sage te applied white a suitable counter elec- 
Irode being used. Then, a sample containing a 
E££ ^stances is injected in an appropriate 
amount through a sample injection portjhe cur 
rent value of oxidation current ^ rn ^J 
reaction of a measured substance included n a 
2?pte with the enzyme in the enzyme-modmed 
STon electrode is recorded with a recorder after 
S converted to a voltage value with a ^mant- 
voltege converting circuit, or is measured I wrth a 
computer by sending the current to the computer 
ater the A*> conversion. By companng an ob- 
Seo oxidation current of a sample with those of 
SnSrd solutions of predetermined concer*a- 
S Z substance to be measured which the sam- 
ote contains can be determined. In this c*se. the 
surtax area, in contact with a liquid to be mea- 
su^rof the enzyme-modified electrode according 
S£ prelt Mention may general* be mm* 
as about 3 mm* . The measurements can be 
^nSout at temperatures of 10 to 40 C and in 

the range of pH 4 to 8. 

The present apparatus can be used as a flow 
injection type apparatus by continuous feeding o 
an electrolyte during measurement. By using an 
apparatus of the flow-injection type, it is possible to 
extend the range of concentrations to be mea 

'""The present invention is explained more detail, 
referring to the examples below. 



,t is only shown in the examples below that 
precipitates obtained by uttracentrifugation of the 
Kted cells of dehydrog^ase-prcxJuang 
teria are used as enzyme. However, the present 
R nvention is not restricted to the examples de- 
6 "cSdbeL. and suitably purified enzyme £n * 
employed, or enzyme can be selected tor use 
according to the type of a substance to be mea 
sured. 

to 



15 



20 



25 



30 



EXEMPLE 1. Preparation of a cell membrag 
toul^lcohorWrogenase and a ceii 
Inimbran^boTind aldehyde dehydrogenase 

A cultivated both of Acetobacter altoacetioenes 
PERM BP-491 was centrifuged and collected, and 
S obtained bacteria, cells were disrupts I «* a 
French pressure. After the disrupted cells were 
to ultra centrifugal (100*00 g. 60 mm 
4'C). precipitates were employed as a ce» 
m embrane-bound alcohol dehydrogenase and as a 
cell membrane-bound aldehyde dehydrogenase. 

EXAMPLE 2. Preparation of a cell membrane- 
bound g 'lucose dehydrogenase and a cen 
^^mbranTbo und sorbitol dehydrogenase 

A cultivated broth of ®™ Met *?J^ 
W as treated in the same manner as in Example 1 
Sove described, and the obtained precipitates 
. were employed as a membrane-bound glucose de- 
Jyorogenase and a membrane-bound sorbitol de- 
35 hydrogenase. 

EXAMPLE 3. Preparation of a membrane-bound 

40 cOTpri^Tw^Mnso^btemiW 

1 g of dimethylferrocene was dissolved in 1 ml 
of ether, 1 ml of liquid paraffin was added I and 
mixed we... and the ether was removed y W 
46 oration under reduced pressure. With the mixture 
46 were mixed graphite powder of not greater than 
250 mesh size and the enzyme prepared In j&am 
p,e 1 above described in the ratio of 3:3:1 (ratio by 
weight) and the mixture was subjected to dehydra- 
50 ^ treatment for 3 hrs. under reduced pressure, to 
prepare an enzyme-modified electrode matenaL 
- P The electrode material prepared was applied to 
the surtace of a carbon electrode part contacting 
quid as shown in Fig. 1 in a small amounL to 
55 prepare a membrane-bound alcohol 
dehydrogenase-modified carbon electrode compns- 
ing dimethylferrocene. 

A membrane-bound alcohol dehydrogenase- 



11 
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zoquinone is employed. 

EXAMPLE 4. Preparation of a 
cOTP^ngawlE^!^^ 



To 1 ml of a-bromonapthatene was added 

parsed well. Aqueous sotobon of W « 

potassium fe ^^ b ^ to sonicafion for 
dispersion and was then ^ water 

20 min, while somefmes into a 
remaining in the upper j^t was r 
Alter paper for removement. I rW 
brom onaphthalene containing ^Sinhd was 

** ^^r^-SXe. graph- 
prepared. Separate^ ^ ^ 

nide was prepared in the same man 
ample 3 described above. denyd rogenase- 

a r srSd TSJZ 

potassium ferricyanide. 



benzoquinone was emp toyed, 44 mv 

obtained, the effect « e [n Rg 4 

examined. As a. resufc date as ^ 
35 W ere obtained where the cuwjinj ^ 
increased in response to etectrode 
In addition, in order to current val- 

stabitity. the standard deviate of t hec^ ^ 

reproducibility to be cons.derably high. 



ing P° tass,um a ^^" le 4 described above, 
same manner as in Example 

EXAMPLE 6. Measurennent of ethano[ concentra^ 



45 



tion 



The enzyme^nodified carbon electrode com- 



g^PLE 7. Mjiasurement of glucose concentre- 
tion 

^==£522 



13 
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to 



pies were obtained. 

EXAMPLE 8. Preparation of a membrane-bound 
^^ dehydrogenase 

A cultured broth of Gluconobacter industries 

SSJJX^ - ^ -mbrane-bound 
Sse dehydrogenase and as a membrane- ^ 
bound glycerol dehydrogenase. 



EXAMPLE 9. Preparation of a membrane-bog 
i^a^iyW^nodif^ «*2 

1 9 of p-benzoquinone was dissolved hr 1 mlof 
.v. J* i ml of liquid paraffin was added there- 
to followtd by ££> mL we.,, and the solvent 

gloved by •V^l^S&ZZ 
sure. To this mixture were mixed graph* powder 

standard prepared In Exampte l an 

pTepared in the same manner as .n Example 3 
above described. 



manner as in Example 3 above described. 
pyamPLE 12 Preparation of a membrane^ound 

SSST- »n Example 4 above descnbed. 

EXAMPLE 13. Mejisurement 2l acetaWehyde and 
^^gaihyde concentrations 

The enzyme modified-carbon electrode com- 
prisiTg the mediator prepared in Example 9 above 
pnsmy aooaratus shown in Fig. 

wmm 

F ' 9 - m^Sponse to the aldehyde concentre- 



20 



25 



30 



35 



EXAMPLE 10. Preparation of a membrane-bound 
»5^a»ni5ub!e medjator 

Using the enzyme prepared in Exam^e 8 
above described, a membrane-bound fructose 
fenydrogSSe-modified carbon electrode compns- 
SSy. ferrocene was prepared m the same 
manner as in Example 3 above descnbed. 

EXAMPLE 11- Preparation of a "^22!^ 
fSlhydrogen ^odified cgon ejectrode 
OTrisingaw^BnOTem^ 

" Using the enzyme prepared in Example 2 
a hnv e described, a membrane-bound sorb.ol 
above descrroeu, electrode compns- 

dehydrogenase-mod.fiedcarDon ™ 

ing dimethyl ferrocene was prepared in the sa 



40 



45 



50 



tions in samples could be obtained. 

BCA^^Ivteajurej^ 
Bon 

Tne enzyme-modified carbon M ^com- 

rs f Sr »• measurin9 conditio r s as 

E^teTabove described, each 10 ul of a sam- 
STSiU fructose of various ooncen^ons 
was injected from the sample mjecfcon port by we 
7a microsyringe. Following 

Fig. 7. 



55 B^^M^^^lT^^^ 

tion 

The enzyme-modified carbon electrode com- 



15 
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the same me» « containing 
concSnions was injected = 
^e 2mp e injection port by use of a A*"*"* 
T?e Tanqe of current values was recorded with a 

sorbitol concentrations. 

EXAMPLE 16. Measurement of gjycejrol concentre^ 
ton 

Using the enzyme-modified carbon electrode 

ZZl 16 above described. Results show as 
Sown in F,g. 9. that the glycerol concerns 
aTthe mealred current values were correlated. 

EXAMPLE 17. Preparation of a !Hf^g2Hg 
tor 

The enzyme prepared in f*£jf 
described was mixed with invertase (from Sigma, 
STSert yeast origin, 400 units/mg) In the ratio 

EXA^mMeaswng^ 

Using the enzyme-modified carbon electrode 

Pvnmnte 15 above described except that an injec 
Sr^mpte — is 5 m. Results show^as 
Sim in HQ. 10. that the sucrose concenttahons 
aSe measured current values were correlated. 

EXAMPLE 19^ Pjreparation of a complex of potas^ 



ferricyanide and a cafionic surfa^active 

agent 

" 106m.of10mMa q ue^ss^onofdime^ 
Hi n^rtadecvl ammonium bromide and 10 ml of 30 
solution of potassium ferricyan.de 
P^Sred. The both solutions were comb.ned 
weld by erring for 30 ^»£Zf 

I5 iSSi dimethyl di-n-octadecy. ammonium 
bromide (500 mg). 



EXAMPLE 20. Preparation of J.-fflgg 
OT^ico-ho. ISSena^^^ 
ii^odrc3mpriiing the complejTof potass^ 

bromide 

so ma of the complex of potassium ferricya- 
" nide Xeinyl di-n-octadecy. ammonium bromide 
ln*ed in Example 19 above described was 

modS electrode material. A small amount of the 
S materia, prepared was appfiedto a pan 
of the surface of the electrode shown in F.g. 1 , said 
3 oaTofCsurface being to come into contactwrm 
I Kouid Thus, a cell membrane-bound alcohol 
cey q S ^modified carbon ^^ST. 
ing the complex of potassmm t««J-* 
40 dimethyl di-n-octadecyl ammon.um brom.de was 



EXAMPLE 21. Measurement of ethanol concentre- 
45 tion 

Uslnq the enzyme-modified carbon electrode 
comprise mediator prepared in 20 above de- 
scribed *e relationship of the ethanol concentra- 
TZ in Vsamole and the measured values of 
50 Sl^rtet^lnth.samemann^as.n 
Sple 6 above described. As *own^nHQ. 11. 
the ethanol concentrations and the measured 
ues of current were correlated. 



55 



fyaMPLE 22 Preparation of a cell membrane- 
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nj-^Trftannl concentration 

Cety . pyridinium chloride was used in place d 

ample 19 a ?° ve , pyrid , n - iu m chlonde was 

tassium femcyanide cetyi py"« 

Brta, prcpswd w» applied »■ M " w 
were correlated. 



Claims 



15 



1 An enzyme sensor which comprises an 

=3#iS£5r£ 
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